An alternative way to constrain the density dependence of the symmetry energy with the slope of the neutron skin thickness of nuclei which shows a linear relation to both the isospin asymmetry and the nuclear charge with a form of Z 2/3 is proposed. The linear dependence of the neutron skin thickness on the nuclear charge and isospin asymmetry is systematically studied with the data from antiprotonic atom measurement experimentally and the extended Thomas-Fermi approach incorporated the Skyrme energy density functional theoretically. An obviously linear relationship between the slope parameter L of the symmetry energy and the slope of the neutron skin thickness on the isospin asymmetry can be found by adopting 66 Skyrme interactions in the calculation.
The nuclear symmetry energy S(ρ) is the difference in energy per nucleon between pure neutron matter and symmetric nuclear matter, which is the key ingredient of the nuclear equation of state(EoS) for asymmetric nuclear matter. It governs the important properties of nuclei and neutron star. It also plays a significant role in the nuclear reaction dynamics and the stability of the phases within the neutron star and the interior cooling process within it. It is well known that the density dependence of S(ρ) for cold nuclear matter predicted from different models is extremely variant. Acquiring more accurate knowledge of the density dependence of the symmetry energy has become one of the main goals in nuclear physics at present and in the near future and has stimulated many theoretical and experimental studies [1] [2] [3] [4] [5] . To characterize the density dependence of the symmetry energy, S(ρ) is expanded near saturation density (ρ 0 ) as
with the slope parameter L = 3ρ 0
dS(ρ) dρ
| ρ 0 and the curvature parameter K sym =9ρ has attracted a lot of attention in recent years because of the sensitivity of ∆R np to the density dependence of the symmetry energy. The calculations in either non-relativistic or relativistic mean-field models show a well-defined linear correlation between the ∆R np of heavy nuclei and the slope parameter L of the symmetry energy at the saturation density [6] [7] [8] . Thus, ∆R np of nuclei can be used as a powerful observable to constrain the density dependence of the symmetry energy at ρ 0 and lower densities. The difficulty in the calibration of neutron skin thickness of nuclei stems from the difficulty in the measurement of neutron distribution.
The main methods to measure the neutron distribution or neutron skin thickness include hadron scattering [9] [10] [11] [12] , π − elastic scattering [13] , antiprotonic atoms [14] [15] [16] [17] , excitation of giant dipole [18] [19] [20] and spin-dipole resonances [21, 22] on inelastic alpha scattering. Unfortunately, the obtained values of ∆R np from different experimental method depend on the used analysis model and sometimes are not totally consistent with each other. It is also hard to judge the model dependence of the systematic error in different experimental method. The parity-violating electron scattering [23, 24] will be a hopeful option to measure the neutron distribution with unprecedented precise of 1% in a model independent way. However, it is still not available up to now. In this case, it will be difficult to accurately and consistently constrain the symmetry energy by directly using the data of neutron skin thickness. We 
Recently, Warda et al. represented this relationship in droplet model with surface width dependence [25] . However it is already known that the antiprotons are only sensitive to the tail of the neutron distribution. An assumed shape for the neutron density is needed to extract the rms radius. Therefore the uncertainty in the value of ∆R np is unavoidable in this approach.
In this letter, we suggest an alternative way to constrain the density dependence of the symmetry energy by the slope of a nuclear charge dependent linear relation of ∆R np vs δ based on the 26 experimental data from the antiprotonic atoms obtained up to now. In this way, only the tendency of ∆R np changing with the isospin asymmetry δ is required to get the information of the symmetry energy. The systematic uncertainty due to the experimental method itself is therefore expected to be largely reduced. The more data of ∆R np for different nuclei with the same experimental method, the more accurate constraint on the density dependence of the symmetry energy can be obtained. One should take into account the nuclear charge dependent linear relation of ∆R np vs δ. Because the neutron skin thickness is the difference of the neutron and proton rms radii, it should depend not only on the symmetry energy but also on the Coulomb interaction which is far from clear.
Let us first study the systematic behavior of the nuclear charge dependence of ∆R np . The approach of semi-classical extended Thomas-Fermi approximation [26, 27] up to the second order (ETF2) incorporated a potential energy density functional including the standard Skyrme energy density and Coulomb energy density with the Coulomb exchange term is applied in the calculations, in which the nuclear surface diffuseness is self-consistently taken into account. We calculate the proton and neutron density distributions of nuclei (See [28] for details) with a spherical symmetric Fermi functions by means of restricted density variational method [27, [29] [30] [31] . With the density distributions determined in this way, the ground state properties such as the energy and the nuclear charge radii of series of nuclei have been calculated. The corresponding experimental data can be reasonably well reproduced [32] . Based on the calculated rms radii of proton and neutron, we get the neutron skin thickness ∆R np . The effective Skyrme interaction SLy4 is adopted in this work since SLy4 is very successful in describing the bulk properties and surface properties of nuclei [33] .
With this approach we calculate the ∆R np for the isotopes with charge number in the range of 20≤ Z ≤92, only the even-even nuclei are taken into account. for the nuclei with same isospin asymmetry relate to Z 2/3 linearly. Fig.2 shows a monotonic increasing tendency of the experimental data of r , and 0.2, respectively. Obviously, increasing the charge number for the nuclei with same isospin asymmetry enlarges the r 2 ch and thus reduce the neutron skin thickness. According to the above investigation, we propose an empirical expression for the description of the neutron skin thickness of a nucleus as
We have performed a χ 2 analysis in order to obtain the optimized C z and C δ from the experimental data of ∆R np from antiprotonic atom measurement. But the accumulated data of ∆R np are not enough to get a precise constraint on the parameters. Thus we obtain the parameters C Z and C δ by fitting the expression (2) 
The uncertainty of C δ determined in this approach is considerably reduced from 0.15 fm in Eq.(2) to 0.08 fm when the charge dependence of neutron skin thickness is taken into account.
The comparison between the ∆R np obtained with this expression and experimental data is given in Fig.3(a) . The results of droplet model (DM) [25] are also shown in Fig.3(a In summary, we propose an alternative way for constraining the density dependence of the symmetry energy by means of the relation of the neutron skin thickness to the nuclear charge and isospin asymmetry of nuclei. We show that the neutron skin thickness depends on the isospin asymmetry and the charge of nuclei with the form of Z 2/3 . By fitting the available data of neutron skin thickness for a series of nuclei obtained from antiprotonic atom measurement, the parameters for the correlation between ∆R np and the nuclear charge (C z ) and isospin asymmetry (C δ ) can be extracted. Within the framework of the semi-classical extended Thomas-Fermi approximation together with the Skyrme energy density functional and Coulomb energy density, we systematically calculate the neutron skin thickness with 66
Skyrme interactions for the 26 nuclei, for which the experimental data are available, and get the parameters C z and C δ for each Skyrme interaction, respectively. Based on the clearly linear correlation between the slope parameter of the symmetry energy and the slope pa-rameter C δ of the neutron skin thickness, we obtained the constraint on the slope parameter of the symmetry energy, i.e. 16 L 66 MeV, by using the extracted parameter C δ from the experimental data. The Skyrme interactions satisfying this constraint are selected. It should be stressed that the spherical symmetry Fermi distribution for proton and neutron density in our calculation is in accordance with that in the analysis in the antiprotonic measurement. It is more suitable and consistent to extract the parameters C z and C δ with the data from antiprotonic measurement. We suggest more neutron skin thickness for different element with the same isospin asymmetry to be measured experimentally, so as to extract a more accurate dependence of the neutron skin thickness on the nuclear charge and the isospin asymmetry. With the increasing of the number and the accuracy of data for neutron skin thickness of nuclei based on the antiprotonic atom measurement in future, we believe more accurate constraint on the density dependence of the symmetry energy can be obtained with our proposed method.
